Measurements of the joint angles of the shoulder complex are important for diagnosis, assessment and monitoring of the treatment progression of movement disorders, provided that they can be seen as valid and reliable. The object of this study was to determine inter-and intra-rater reliability of manual goniometry and computerized biophotogrammetry for the assessment of range of motion of the medial and lateral rotations of the shoulder. METHODS: Four evaluators (two for goniometry and two for biophotogrammetry) assessed 11 males, 16 -26 years old, right-handed and with no shoulder anomalies. A universal plastic goniometer was used for the goniometry assessment. The biophotogrammetry assessment involved the use of a digital camera Sony DSC-W1 (5.1Mp), with non-reflective markers placed on the subjects. Photographic frames were analyzed the though the SAPO software (version 0.67). Each evaluator was blinded to data from all other valuators; inter-rater datas were compared. Seven days after the first assessment, all measurements were repeated in order to complete the intra-rater comparison. The Wilcoxon test was used to check statistical significance, the Spearman correlation was calculated and inter-class correlations coefficients were determined. RESULTS: Inter-class correlations for inter-and intra-rater goniometry results were 0.897 and 0.830 respectively; the corresponding biophotogrammetric values were 0.982 and 0.954, all representing excellent reliability levels. CONCLUSION: Goniometry and biophotogrammetry are reliable methods for assessment of shoulder rotation; however, biophotogrammetry has been shown to be more reliable.
' INTRODUCTION
Measurement of articulation angles is important for diagnosis, assessment, and monitoring of treatment progression for motion/movement disorders; however, these measurements must be valid and reliable to enable the success of such procedures. 1 Reliability of a measurement is the consistency between successive measurements of a variable from the same subject in identical conditions. Validity refers to how much the measurement represents the real value of the variable, assessed through its comparison to an alternative measurement, made through a different standardized instrument or by means of an established standard. 2 For angular measurements in clinical practice and in research, the universal manual goniometer is the most commonly used device [3] [4] [5] because it is easy to handle, has low cost and yields a rapid evaluation. However, published data have not assessed validity or reliability of the goniometer in comparison to other measuring devices 1 for all articulations.
The reliability of goniometry has been demonstrated for some joints. Engh et al. investigated the intra-and inter-rater reliability of goniometry measurements for the evaluation of head posture in relation to the shoulders and found the method to be reliable. Most studies on the knee joint present high intra-rater reliability. 6, 7 As for the validity of goniometry, only comparisons between this method and radiographic measurements have been reported. 2 The majority of studies that assess medial and lateral rotation movements of the shoulder make use of goniometry.
These studies usually involve the assessment of the medial rotation deficit on the dominant shoulder of overhead throwing athletes compared to the non-dominant side. [8] [9] [10] [11] These reports do not describe the reliability of goniometry. But in some cases the inter-and intra-rater comparison was performed before the execution of the study proper, with the intention of testing the accuracy of the researchers. In some cases, in which the inter-rater variation was very significant, evaluators were led to perform it in pairs, one to immobilize the subject and the other to execute the measurements with the goniometer; this resulted in the single ''assessment system''. 12 Measurements based on photographs can be employed to determine articulation angles, introducing it as an alternative to goniometry. Photogrammetry began with cartography and was adapted for medical use, renamed biophotogrammetry, [12] [13] or computerized biophotogrammetry when performed through a computer program. [12] [13] [14] [15] [16] The objective of this research was to verify the inter-and intra-rater reliability of manual goniometry versus computerized biophotogrammetry on the assessment of the range of motion of shoulder medial and lateral rotations.
' METHODS

Participants
Eleven male subjects were recruited, all right-handed (for daily-life chores and sport activities), with no pathological alterations or history of shoulder injury or need of medical assistance during the previous 12 months. Subjects were informed about the content of the research and signed an informed consent term. The study was initiated after Research Ethics Committee approval from the institution where it was conducted -Federal University of Sã o Paulo (approval n. 2039/07), according to the Helsinki Declaration.
The subjects filled out a questionnaire involving identification, clinical data (including shoulder instability history) and training history, if existent. The exclusion criteria of this study would have been subjects with episodes of shoulder instability, but no such cases were identified.
To guarantee the homogeneity of the group concerning the subjects' range of motion, four tests for glenohumeral joint instability were performed: sulcus test, apprehension test, posterior elevation test and anterior-posterior drawer test. The same clinician ministered the questionnaire and specific tests to all subjects. Moreover, they were also evaluated through the joint hypermobility test. If any subject had scored four or more out of the nine items, 24 he would have been counted as positive and excluded from the test, but no such cases were encountered.
Intervention
To assess shoulder joint rotation (with goniometry as well as with biophotogrammetry), the subjects were initially placed in neutral rotation with 901 of shoulder abduction (measured by the goniometer) and elbow flexion. They lay in dorsal decubitus with their lower limbs flexed and feet placed upon the bed 84 cm above the floor. The forearm was maintained in pronation and wrist flexion-extension was not permitted during the evaluation.
For the goniometric assessments, a single experienced clinician stabilized the shoulder joint, always at the anterior portion of the glenohumeral joint. The sequence of rotational movements was randomly defined for each subject. Active and passive medial and lateral rotation movements were assessed.
For goniometric evaluation, a 20 cm plastic goniometer of Carci s (Sã o Paulo, Brazil) was used and the reference marks were: fixed arm positioned in horizontal, consequently parallel to the bed; support placed on the olecranon; movable/free arm placed in the medial line of the forearm directed to the ulnar styloid process. In this step, two evaluators, (A and B) collected the measurements; evaluator A always collected his measurements before evaluator B, who was blinded to the first assessment.
In between the assessments performed by evaluator A and evaluator B, a photo was registered for biophotogrammetric evaluation. This was taken at a 200 cm distance from the bed, with the camera placed on a tripod and adjusted at the same height as the bed. The bed was maintained leveled using a Stanley GP level gauge. For vertical reference in the photo, we used two green circular markers, 13 mm of diameter, and 50 cm apart from each other.
The two adhesive green circular markers were fixed on the skin surface of each subject's upper limbs: one placed on the ulnar styloid process, the other on the olecranon.
The sequence of rotational movements for these assessments followed the same random order determined. Images were obtained through a digital photo camera Sony s , model DSC-W, with 5.1Mp of resolution; all images were obtained at 2592 x 1944 pixels.
The ''free angle measuring'' modality of the SAPO (0.67 version) freeware software was used to measure angular rotation, a method based on vertical and distance calibrations through the software. Two experienced clinicians, blinded from each other, obtained the measurements (Evaluators C and D).
Outcome measurements
Measurements through the software were executed with a 100% zoom, on computers with 1280x1024 pixels of screen resolution. All assessments were repeated seven days later for intra-rater comparison; they were designated D1 and D2. Participants were instructed to not to modify their habits concerning physical activities during the interval.
For inter-rater goniometric reproducibility analysis measurements obtained by Evaluators A and Evaluators B, D1 and D2 were used. For biophotogrammetric reproducibility inter-rater analysis, the measurements obtained by Evaluator C and D were also compared in D1 and D2. Intra-rater goniometric and biophotogrammetric repeatability analysis was obtained by internally comparing D1 and D2, for each of the four evaluators.
Data analysis
Wilcoxon signed-ranks test was used to evaluate possible statistical differences between the data. The value pr0,05 was assumed as statistically significant.
To assess inter-and intra-rater reliability of each procedure, the Spearman correlation test was applied on all analysis and it was possible to verify types 1,1 and 3,1 Intra-class correlation coefficients (ICC), according to Yaffe, 17 within the analyzed data. The value Z0,80 was assumed as an excellent reliability level, as suggested by Yaffe. 17 The other reliability intervals were as proposed by Fleiss 18 : values o0,40 represent poor reliability, while values between 0,40 and 0,79 represent good reliability.
' RESULTS
The subjects mean age was 22.2±3.2 (range 16-26) years; the average body weight was 75.9 ± 6.6 Kg; the mean height was 1.76±0.06 m, and the mean body mass index (BMI) was 23.6 ± 2.0 Kg/m 2 . A total of 9 of the assessed subjects practiced some kind of physical activity.
None of the subjects presented shoulder instability for apprehension and posterior displacement, on either side; the AP Drawer test was negative in 91% of the cases on both sides; the sulcus test was 91% negative for the right side, and 82% negative for the left side.
The statistical values of the data of each movement, of all evaluators, with each measuring method and on each day of evaluation, are displayed in Table 1 . Table 2 delineates the values of the Spearman correlation and the statistical significance index among all measurements obtained by each measuring method, with each evaluator and on each day of assessment.
Values of the Spearman correlation, significance index and ICC, confidence interval of 95% of the ICC and inter-and intra-rater standard error of each one of the procedures used for measuring are described in Table 3 .
' DISCUSSION Several studies have measured shoulder rotation range of motion and have invariably used manual goniometry as the measuring method; however, the reliability indexes of this technique were not reported. These papers report medial rotation deficit in the dominant upper limb for throwing (Glenohumeral Internal Rotation Deficit -GIRD), a context which indicates primary functional diagnostics for clinical practice.
The precision of these functional diagnoses is of fundamental importance because they apply to preventive treatment for subjects predisposed to develop symptoms of shoulder pain due to such rotational alterations. Symptomatic subjects usually present medial rotation deficits above 251 compared to the non-dominant upper limb. 11 Therefore, it is important that, apart from reliability assessments, the validation of the methodology should be obtained. The procedures used for validation were described by Amorim et al. 15 and Ellenbecker et al. 16 Another fundamental issue is the standardization of the method, given that, without it, the results may be imprecise. Thus, the procedures used in this study were described in detail.
Three interesting points were observed in this study when the statistical differences between each one of the 
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movements were assessed: (1) when the goniometric interand intra-rater comparisons where completed, three out of the eight assessed movements presented statistical differences: Passive lateral rotation; Active medial rotation; Passive medial rotation; (2) In contrast, the inter-and intra-rater biophotogrammetric comparison presented only one out of eight movements with statistically significant differences; (3) the method with fewer differences between assessments (D1 versus D2), was the inter-and intra-rater findings for biophotogrammetry. When analyzing the statistical significance index and the Spearman correlation of all the measurements obtained with both measuring methods, five crucial points can be observed: (1) the goniometric measurement comparisons presented statistically significant differences in all inter-and intra-rater measurements; (2) the biophotogrammetric interand intra-rater comparisons presented statistically significant differences in only one case; (3) there were no statistically significant differences on the intra-rater biophotogrammetric comparison; (4) when the biophotogrammetric and goniometric measurements were compared, there were no statistically significant differences in six out of eight cases; (5) all Spearman correlation values were superior to 0,80.
Hence, the measurements that presented fewer differences between them were obtained through biophotogrammetry. The largest difference was observed when both techniques were compared, confirming the hypothesis that comparisons between them would not be indicated. For example, it would not be statistically reliable to compare the measurements obtained with goniometry in a determined day with the values obtained by biophotogrammetry in another day.
Inter-and intra-rater comparisons for both techniques achieved mostly excellent or otherwise strong values of ICC and of the Spearman correlation. Consequently, the results of this study demonstrated excellent reliability values for intra-and inter-rater evaluations, manual goniometry and computerized biophotogrammetry.
Nonetheless, biophotogrammetry proved to be more reliable. This is demonstrated by the superior values of the ICC and Spearman correlation on inter-and intra-rater biophotogrammetric comparisons as opposed to the goniometric data.
To the best of our knowledge, no studies comparing the reliability indexes between goniometry and biophotogrametry have been reported. Only one study determined whether there were statistically significant differences between values measured by these two techniques. Though the image caption conditions were not entirely satisfactory and another software was used for angular assessment (AutoCad s ), the authors concluded that there were no statistically significant differences between the data and that the procedure was probably reliable. 15 A study by Hayes et al. 19 assessed intra-and inter-rater reliability of five methods for shoulder range of motion evaluation. The intra-and inter-rater ICC rates for shoulder movements assessed by goniometry varied between 0.53-0.65 and 0.64-0.69 respectively, fulfilling the hypothesis that goniometry is not a reliable method for this evaluation, since reliability may only be considered as excellent if over 0.75. There were discrepancies in the ICC because it was calculated for each one of the movements assessed by this technique. These data disagree with the present study, where the intra-and inter-rater ICC values were 0.90 e 0.83 respectively, thus, with excellent reliability. 
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It is worth emphasizing that none of the five assessment methods for shoulder range of motion in the study conducted by Hayes et al. 19 presented reliability rates better than the goniometric and biophotogrammetric methods used in this research. Interestingly, in this same study, one of the methods analyzed was instant photography followed by manual angular measuring with goniometry, and this produced one of the highest reliability rates among the tested techniques.
Moreover, assessments conducted with biophotogrammetry have some advantages. Documentation of the assessment and visual feedback for evolution follow-up become available and, in case of doubt, measurements can be easily redone on the software. Displayed angles are measured to the first decimal digit, whereas goniometry only allows integer or approximate values, because of the precision limit of its scale.
There are disadvantages as well. If the standardization precautions are not followed when registering the photographs, reliability can be compromised. This also applies to goniometry. Photographic and computer competence are necessary, while goniometric assessments only require anatomical and positioning competence. Biophotogrammetry is more expensive in that it requires digital cameras and computers, even though this equipment is often already available.
The Amorim et al. 15 study also computed expenses with the software used (AutoCad s ), while this research used the SAPO software freeware, which is highly reliable and, consequently, costs less.
The establishment of the standard error is very important to perform follow-ups and detect variations on the subjects' posture in response to treatment. [20] [21] Moreover, in this study, both standard error values (inter-and intra-rater) were lower for biophotogrammetry compared to goniometry, a fact partially explained because biophogrammetric evaluators executed their assessments on the same photograph.
